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(57) ABSTRACT

One aspect relates to an electrical bushing for use 1n a housing
of an implantable medical device. The electrical bushing
includes at least one electrically insulating base body and at
least one electrical conducting element. The conducting ele-
ment 1s set up to establish, through the base body, at least one
clectrically conductive connection between an internal space
of the housing and an external space. The conducting element
1s hermetically sealed with respect to the base body. The at
least one conducting element includes at least one cermet.
The electrical bushing includes an electrical filter structure.
The at least one conducting element forms at least one con-
ducting section of an inductor of the filter structure.
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CERAMIC BUSHING WITH INDUCTIVE
FILTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Non-Provisional Patent Application claims the benefit
of the filing date of U.S. Provisional Patent Application Ser.
No. 61/438,047, filed Jan. 31, 2011, entitled “CERAMIC
BUSHING WITH INDUCTIV_ FILT HR,” and this patent
application also claims priority to German Patent Application
No.DE 102011 009 855.0, filed on Jan. 31,2011, and both of
which are incorporated herein by reference.

This Patent Application 1s also related to patent application
Ser. No. 13/361,322 filed on Jan. 30, 2012, entitled
“CERAMIC BUSHING FOR AN IMPLANTABLE MEDI-
CAL DEVICE”; patent application Ser. No. 13/361,340 filed
on Jan. 30, 2012, enfitled “DIRECTLY APPLICABLE
ELECTRICAL BUSHING”; patent application Ser. No.
13/361,348 filed on Jan. 30, 2012, entitled “IMPLANTABLE
DEVICE HAVING AN INTEGRATED CERAMIC BUSH-
ING”; patent application Ser. No. 13/361,355 filed on Jan. 30,
2012, entitled “HEAD PART FOR AN IMPLANTABLE
MEDICAL DEVICE”; patent application Ser. No. 13/361,
362 filed on Jan. 30, 2012, entitled “CERMET-CONTAIN-
ING BUSHING FOR AN IMPLANTABLE MEDICAL
DEVICE HAVING A CONNECTING LAYER™; patent
application Ser. No. 13/361,370 filed on Jan. 30, 2012,
entitled “ELECTRICAL BUSHING WITH CERMET-CON-
TAINING CONNECTING ELEM. JNT FOR AN ACTIVE
IMPLANTABLE MEDICAL DEVICE”; patent application
Ser. No. 13/361,374 filed on Jan. 30, 2012, entitled
“CERAMIC BUSHING WITH FILTER”; patent application
Ser. No. 13/361,388 filed on Jan. 30, 2012, entitled
“CERAMIC BUSHING HAVING HIGH CONDUCTIVITY
CONDUCTING ELEMENTS”; patent application Ser. No.
13/361,398 filed on Jan. 30, 2012, entitled “METHOD FOR
THE MANUFACTURE OF A CERMET-CONTAINING
BUSHING”; patent application Ser. No. 13/361,404 filed on
Jan. 30, 2012, entitled “METHOD FOR THE MANUFAC-
TURE OF A CERMET-CONTAINING BUSHING FOR AN
IMPLANTABLE MEDICAL DEVICE”; and patent applica-
tion Ser. No. 13/361,411 filed on Jan. 30, 2012, entitled

“CERMET-CONTAINING BUSHING WITH HOLDING
ELEMENT FOR AN IMPLANTABLE MEDICAL
DEVICE”.

BACKGROUND

One aspect relates to an electrical bushing for use 1n a
housing of an implantable medical device. Moreover, one
aspect relates to a method for the manufacture of an electrical
bushing for an implantable medical device.

The post-published document, DE 10 2009 035 972, dis-
closes an electrical bushing for an implantable medical device
having the features of the preamble of claim 1. Moreover, a
use of at least one cermet-including conducting element 1n an
clectrical bushing for an implantable medical device and a
method for the manufacture of an electrical bushing for an
implantable medical device are disclosed.

A multitude of electrical bushings for various applications

are known, examples including: U.S. Pat. No. 4,678,868, U.S.
Pat. No. 7,564,674 B2, US 2008/0119906 A1, U.S. Pat. No.
7,145,076 B2, U.S. Pat. No. 7,561,917, US 2007/0183118
Al,U.S. Pat. No. 7,260,434B1, U.S. Pat. No. 7,761,165, U.S.
Pat. No. 7,742,817 B2, U.S. Pat. No. 7,736,191 B1, US 2006/
0259093 Al, U.S. Pat. No. 7,274,963 B2, US 2004116976
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Al,U.S. Pat. No. 7,794,256, US 2010/0023086 A1, U.S. Pat.
No. 7,502,217 B2, U.S. Pat. No. 7,706,124 B2, U.S. Pat. No.
6,999,818 B2, EP 1754511 A2, U.S. Pat. No. 7,035,076, EP
1685874 Al, WO 03/073450 Al, U.S. Pat. No. 7,136,273,
U.S. Pat. No. 7,765,005, WO 2008/103166 A1, US 2008/
0269831, U.S. Pat. No. 7,174,219 B2, WO 2004/1103555 Al,
U.S. Pat. No. 7,720,538 B2, WO 2010/091435, US 2010/
0258342 A1, US 2001/0013756 A1, U.S. Pat. No. 4,315,034,
and EP 0877400.

DE 697 297 19 12 describes an electrical bushing for an
active implantable medical device—also called implantable
device or therapeutic device. Electrical bushings of this type
serve to establish an electrical connection between a hermeti-
cally sealed interior and an exterior of the therapeutic device.
Known implantable therapeutic devices are cardiac pacemak-
ers or defibrillators, which usually include a hermetically
sealed metal housing which 1s provided with a connection
body, also called header, on one of 1ts sides. Said connection
body includes a hollow space having at least one connection
socket for connecting electrode leads. In this context, the
connection socket includes electrical contacts 1n order to
clectrically connect the electrode leads to the control elec-
tronics on the interior of the housing of the implantable thera-
peutic device. Hermetic sealing with respect to a surrounding
1s an essential prerequisite of an electrical bushing of this
type. Therefore, lead wires that are introduced 1nto an elec-
trically insulating base body—also called signal-transmis-
sion elements—through which the electrical signals are
propagated, must be introduced into the base body such as to
be free of gaps. In this context, 1t has proven to be challenging
that the lead wires generally are made of a metal and are
introduced into a ceramic base body. In order to ensure a
durable connection between the two elements, the internal
surface of a through-opening—also called openings—in the
base body 1s metallized for attachment of the lead wires by
soldering. However, the metallization 1n the through-opening
has proven to be difficult to apply. Only expensive procedures
ensure homogeneous metallization of the internal surface of
the bore hole and thus a hermetically sealed connection of the
lead wires to the base body by soldering. The soldering pro-
cess itsell requires additional components, such as solder
rings. Moreover, the process of connecting the lead wires to
the previously metallized insulators utilizing the solder rings
1s a process that 1s laborious and difficult to automate.

Printed publication U.S. Pat. No. 7,502,217 B2 describes a
bushing for implantable devices, 1n which connection pins
made of metal extend through an opening of an insulator.
Aside from a filter capacitor, the bushing includes a coil as a
separate component that 1s provided as a toroidal coill made of
wire. A ring-shaped groove 1s provided in the bushing to
accommodate the toroidal coil, which 1s embedded therein.
The toroidal coil 1s connected to the filter capacitor and other
wire connections of the bushing through solder connections.
As a result, there are multiple connections concerning a mul-
titude of components which have to be established through
soldering. This not only renders the manufacturing method
highly complex, but also makes the manufacture highly error-
prone since the soldering steps concern different components,
which each must be soldered 1n a certain way only. Due to the
proximity of the various components to be soldered with
respect to each other, especially in mimaturized versions,
there 1s a risk that undesired solder connections may arise,
even more so since previously established solder connections
are partially melted again 1n each step of soldering. Moreover,
an additional manufacturing step of introducing the groove 1n
the bushing 1s required. And lastly, the bushing body needs to
be provided in the form of multiple parts 1n order to be able to
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take up the toroidal coil, whereby the multiple parts need to be
connected to each other 1n an additional step.

For these and other reasons there 1s a need for the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of embodiments and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments and together with the description
serve to explain principles of embodiments. Other embodi-
ments and many of the intended advantages of embodiments
will be readily appreciated as they become better understood
by reference to the following detailed description. The ele-
ments of the drawings are not necessarily to scale relative to
cach other. Further measures and advantages of the invention
are evident from the claims, the description provided herein-
after, and the drawings. The invention 1s illustrated through
several exemplary embodiments in the drawings. In this con-
text, equal or functionally equal or functionally correspond-
ing elements are identified through the same reference num-
bers. The invention shall not be limited to the exemplary
embodiments.

FI1G. 1 1llustrates a first embodiment of the electrical bush-
ing according to one embodiment.

FIG. 2 1llustrates a second embodiment of the electrical
bushing according to one embodiment.

FIG. 3 illustrates multiple variants of circuits represented
by the electrical filter structure of the electrical bushing
according to one embodiment.

DETAILED DESCRIPTION

In the following Detailed Description, reference 1s made to
the accompanying drawings, which form a part hereof, and in
which 1s shown by way of illustration specific embodiments
in which the invention may be practiced. In this regard, direc-
tional terminology, such as “top,” “bottom,” “front,” “back,”
“leading,” “trailing,” etc., 1s used with reference to the orien-
tation of the Figure(s) being described. Because components
of embodiments can be positioned 1n a number of different
orientations, the directional terminology 1s used for purposes
of 1llustration and 1s 1n no way limiting. It 1s to be understood
that other embodiments may be utilized and structural or
logical changes may be made without departing from the
scope of the present ivention. The following detailed
description, therefore, 1s not to be taken 1n a limiting sense,
and the scope of the present invention 1s defined by the
appended claims.

It 1s to be understood that the features of the various exem-
plary embodiments described herein may be combined with
cach other, unless specifically noted otherwise.

One embodiment creates an electrical bushing for an
implantable medical device, 1n which at least one of the
disadvantages mentioned above 1s prevented at least 1n part.
One embodiment provides a bushing having an inductive
filter that can be manufactured easily, at high precision and
low reject rates. Features and details that are described 1n the
context of the electrical bushing or the implantable medical
device shall also apply in relation to the method, and vice
versa.

One embodiment enables, for example, the provision of an
implantable device that 1s well-suited for MRI examinations.
The inductor and/or the filter including 1t i1s capable of
strongly attenuating the high frequency excitation pulse of a
magnetic resonance imaging (MRI) apparatus as early as
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within the bushing, whereby the electronics unit of the device
1s protected from suffering electromagnetic damage.

One embodiment relates to an electrical bushing for use 1n
a housing of an implantable medical device. The electrical
bushing includes at least one electrically insulating base body
and at least one electrical conducting element. The conduct-
ing element 1s set up to establish, through the base body, at
least one electrically conductive connection between an inter-
nal space of the housing and an external space. The conduct-
ing clement extends, for example, fully, through the base
body, 1n one embodiment along a longitudinal axis of the base
body. The bushing provides, for example, an upper side that 1s
set up to be adjacent to the external space, and a lower side
that 1s set up to be adjacent to the internal space. The con-
ducting element extends at least between the lower side and
the upper side. For electrical contacting, the conducting ele-
ment borders directly onthe space that1s adjacent to the upper
s1de, that 1s, on the external space, and borders directly on the
space that 1s adjacent to the lower side, that 1s, on the internal
space. The conducting element 1s hermetically sealed with
respect to the base body. The at least one conducting element
includes at least one cermet. The cermet 1s provided to be
clectrically conductive. The conducting element therefore
forms a continuous electrically conductive structure 1n order
to establish the electrically conductive connection. In one
embodiment, the electrical connection 1s an ohmic connec-
tion with low resistance—in one embodiment, for a direct
current signal—, that 1s, a resistance of, for example, no more
than 10 Ohm, 1 Ohm, 100 mOhm, 10 mOhm or 1 mOhm. The
specific conductivity of the conducting element, and/or of the
clectrically conductive structure provided by it, which con-
nects the internal space to the external space, in one embodi-
ment exceeds 1 S/m. The specific conductivity of the con-
ducting element, and/or of the structure provided by 1t, 1s at
least 1 S/m, at least 10 S/m, at least 100 S/m, at least 1000 S/m
or at least 10* S/m. In one embodiment, the specific conduc-
tivity is at least 10° or 10° and in one embodiment, at least 10’
S/m.

The base body 1s made from the insulating material either
in part or fully. Said material corresponds to the at last one
insulating maternial of the base body as described herein. The
base body and the at least one conducting element are pro-
vided as a single part.

According to one embodiment, the electrical bushing
includes an electrical filter structure. The at least one con-
ducting element forms at least one conducting section of an
inductor of the filter structure. Accordingly, the electrically
conductive connection provides not only an ohmic connec-
tion, but also an inductor of the filter structure. Since the
conducting element therefore forms not only the electrically
conductive connection between the internal space and the
external space of the housing and also forms a component of
the filter structure, that 1s, the at least one inductor, the result-
ing manufacturing process 1s simplified and the degree of
integration 1s 1ncreased.

The electrical filter structure forms an electrical filter. The
clectrical filter structure 1s connected to the electrically con-
ductive connection which 1s established through the conduct-
ing element. An electrical filter structure shall be understood
to be a network that has different impedances for different
frequencies of a signal that 1s applied to the filter structure.
The electrical filter structure 1s set up to provide different
attenuations for different frequency components of a signal
that 1s transmitted by the electrically conductive connection.
The correlation of frequency and attenuation 1s also called
frequency selectivity.
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For example, the at least one conducting section 1s pro-
vided to have a longitudinal extension that deviates from a
straight line. This makes the conducting section longer than
the shortest distance between the points that are connected
through the at least one conducting section. This allows the
value of the inductor for the same volume to be increased as
compared to the conducting section with a straight extension.
The deviation of the longitudinal extension from a straight
line can be provided through a kink or an arc shape or a
combination thereof.

One embodiment further provides that the at least one
conducting section provides at least a part of a turn of the
inductor. The conducting section includes at least one arc
shape or at least one kink. Accordingly, the coil does not
necessarily have a circular or helical extension, but can com-
prise discrete changes of direction, which each are called
kink. In one embodiment, the at least one conducting section
includes one or more complete turns. Fach turn includes a
change of direction of the longitudinal extension of the con-
ducting section by 360°. The direction of the conducting
section along its extension can change 1n the form of discrete
kinks or continuous curvatures in the form of an arc.

The at least one conducting section extends 1n two or three
different directions of space. The at least one conducting
section follows at least one repetitive triangular, trapezoidal
or rectangular profile or follows a helix. A repetitive triangu-
lar profile includes kinks which 1n one embodiment form the
same angle. The direction of kinking of subsequent kinks, 1n
one embodiment of consecutive kinks, 1s opposite. The
repetitive  trapezoidal profile includes multiple kinks,
whereby the kinks of a first group of two consecutive kinks
have the same direction of kinking and the kinks of a directly
subsequent second group of two kinks have a direction of
kinking that 1s opposite from the direction of kinking of the
kinks of the first group. The kinks of the second group have
the same direction of kinking. The angle of the kinks of the
trapezoidal profile can, for example, be 90°, which this case
results 1n a rectangular profile. In one embodiment, the rect-
angular profile 1s provided by sections extension which
extend either parallel or perpendicular to a straight line, for
example, to a straight line that includes the points that are
connected by the electrically conductive connection. The tr1-
angular, trapezoidal or rectangular profile 1n one embodiment
extends 1n a plane and thus 1n two different directions in
space. Alternatively, the conducting section extends spatially,
that 1s, in three different directions in space. If the conducting
section extends in three different directions in space, the
angles given for the triangular, trapezoidal or rectangular
profile shall refer to solid angles. Another embodiment pro-
vides that the at least one conducting section follows a helical
profile. The conducting section thus extends in three different
directions 1n space. The helix 1n one embodiment has a con-
stant radius, but can just as well change 1ts radius along the
extension of the helix. Moreover, the helix can have a constant
pitch along 1ts longitudinal axis, whereby further embodi-
ments provide the pitch to be positive and changing, though.
Moreover, the at least one conducting section can follow a
spiral profile, 1n one embodiment a spiral profile that extends
in a plane.

A specific embodiment provides that the conducting sec-
tion includes multiple kinks with an angle, whereby the angle
tormed by the kinks 1s equal and at least two angles between
kinks differ in sign. Further embodiments provide the con-
ducting section to include multiple kinks and the sub-sections
between two consecutive kinks to be equal 1 length.

Further some embodiments provide that at least one further
component, aside from the inductor, 1s provided by the base
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body and/or the conducting element. One embodiment thus
provides that the conducting element provides at least one
clectrode surface of a capacitor or of an electromechanical
resonator. The capacitor and/or the electromechanical reso-
nator 1s/are provided by the filter structure.

Moreover, one embodiment can provide that a section of
the electrically insulating base body forms a dielectric layer
of the capacitor. Alternatively or in combination with this, one
embodiment can provide that a section of the electrically
insulating base body forms a piezoelectric body of the elec-
tromechanical resonator. According to this embodiment, a
section of the electrically insulating base body forms a part of
a component of the filter structure. The filter structure can
therefore include multiple components that are provided by
sections of the conducting element and/or by sections of the
base body. A section of the conducting element can therefore
provide an electrode surface or a conducting section of an
inductor. A section of the conducting element forming an
clectrode surface differs from the conducting section of the
conducting element forming the inductor. The filter structure
can therefore include multiple components, for example, at
least one inductor and at least one capacitor, that are provided
by the conducting element and by the base body. Said com-
ponents are provided, for example, by sections of the con-
ducting element and by sections of the base body.

Further embodiments provide that the filter structure
includes an additional frequency-selective component which
1s provided as an individual, physically independent compo-
nent and 1s provided neither by the at least one conducting
clement, nor by the base body. Since the inductor provided
according to in one embodiment, which 1s provided by the
conducting element, itself 1s a frequency-selective compo-
nent, further individual components of the filter structure
shall be called additional frequency-selective component.
Embodiments therefore provide that the filter structure
includes an additional frequency-selective component. The
conducting element forms at least one contact surface to
which the additional frequency-selective component 1s con-
nected. For example, the at least one connecting section forms
the at least one contact surface. Moreover, a connector of the
additional frequency-selective component 1s connected to the
contact surface. The connection relates to an electrical con-
nection for example. The additional frequency-selective com-
ponent 1s provided as capacitor, as additional inductor, as
clectromechanical resonator or as integrated filter circuit. If
the additional frequency-selective component 1s provided as
capacitor, the capacitor can be provided as mica capacitor or
ceramic capacitor or as foil-type capacitor, metallized paper
capacitor, electrolyte capacitor or double-layer capacitor. If
the additional frequency-selective component 1s provided as
additional inductor, the additional inductor can be provided as
co1l with or without core. If the additional frequency-selective
component 1s provided as electromechanical resonator, the
resonator can be provided as crystal oscillator, SAW filter or
BAW filter. SAW filters are also called surface wave filters
with SAW meaning “surface acoustic wave”. BAW filters are
also called “bulk acoustic wave filters”. An integrated filter
circuit includes circuit elements that are integrated into a
housing. The additional frequency-selective component
forms an 1individual body and includes, if applicable, 1ts own
housing and 1n one embodiment connectors for electrical
coupling. The frequency-selective component 1n one embodi-
ment 1s an SMD component. For example, the type of design
corresponds to a type of design defined by a standard, for
example a JEDEC standard.

The additional frequency-selective component includes at
least one connector. The connector 1s physically connected to
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the at least one contact surtace through a solder connection or
a press-1it. The connector forms an electrically conductive
surface or 1s provided as an electrically conductive pin. A
recess, 1n which the additional frequency-selective compo-
nent 1s accommodated, can be provided 1n the electrical bush-
ing according to one embodiment. In one embodiment, the
recess 1s provided at a surface of the base body.

As a matter of principle, the filter structure can include one
or more additional frequency-selective components. The
additional frequency-selective components can be arranged
on a surface of the electrical bushing, can be provided to be
situated 1nside the bushing, for example, inside the base body,
or can be provided to be situated 1n a recess that1s provided on
a surface of the base body and/or conducting section. More-
over, the electrical bushing can include a component bracket,
in which an additional frequency-selective component 1s
accommodated. The component bracket provides, aside from
a mechanical bracket, at least one electrical contact.

In further refinements of embodiments, the filter structure
includes the inductor formed by the conducting element as
serial filter in the electrically conductive connection. The
inductor provided by the conducting element is thus a serial
filter inductor. Moreover, the filter structure can include at
least one capacitor element 1n the form of a capacitor, whose
at least one electrode surface 1s formed by the conducting
element. Moreover, instead or 1n combination, the filter struc-
ture can include a capacitor element in the form of the capaci-
tor provided as additional frequency-selective component.
Said capacitor element and the inductor provided by the con-
ducting element together form an LC anti-resonant circuit.
The anti-resonant circuit thus provided 1s arranged 1n series 1in
the electrically conductive connection.

The bushing according to one embodiment can be provided
to have a {filter structure, whereby the at least one conducting,
element includes, aside from the inductor of the filter struc-
ture that 1s provided by the conducting section of the conduct-
ing element, at least one electrically conductive surface of the
filter structure, as 1s described 1n application “Ceramic bush-
ing with filter”, applicant: W. C. Heraeus GmbH, filing date:
31 Jan. 2011 under the internal file number P11392, to which
reference shall be made herewith. For example, the filter
structure of the bushing according to one embodiment can
include at least one capacitor, one inductor and/or one elec-
tromagnetic resonator as described 1n the above-mentioned
application, “Ceramic bushing with filter”, and/or at least one
frequency-selective component as described 1n the above-
mentioned application, “Ceramic bushing with filter”.

The filter structure 1n one embodiment forms a band-stop
filter or a low-pass filter of first, second or third order. The
filter structure includes, for example, an LC anti-resonant
circuit, for example an LC anti-resonant circuit according to
the description provided above. The LC anti-resonant circuit
1s arranged 1n series with the electrically conductive connec-
tion, 1n one embodiment 1n series within the electrically con-
ductive connection. The filter structure can further include an
L.C resonant circuit that 1s connected to the electrically con-
ductive connection between the internal space and the exter-
nal space as a dissipation filter. The LC resonant circuit
includes at least one inductor that 1s formed by the conducting
clement.

Moreover, the filter structure can include a continuity filter
in a T-arrangement with two serial inductors and one parallel
capacitor arranged 1n between. At least one of the two serial
inductors 1s provided by the conducting element. Moreover,
the filter structure can include a continuity filter 1n a m-ar-
rangement with two parallel capacitors and one serial induc-
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tor arranged 1n between. In this context, the serial inductor 1s
provided by the conducting element.

Moreover, the filter structure can include an additional
clectromechanical dissipation filter or an additional electro-
mechanical senal filter. Filter structures including at least one
capacitor include at least one capacitor with at least one
clectrode surface that 1s provided by the conducting element.
A capacitor of this type can further include a dielectric layer
that 1s provided by the base body. Moreover, a filter structure
that includes a capacitor or an electromechanical dissipation
filter can provide same as additional frequency-selective
component that includes an independent body or an indepen-
dent housing. Moreover, the filter structure can include mul-
tiple inductors of which at least one 1s provided by the con-
ducting element, whereas at least one further inductor is
provided by an independent coil, for example 1n the form of a
wire coil, with or without magnetic core, or 1n the form of an
inductor that 1s provided as an independent body, for example
as an SMD component.

According to another embodiment, the electrical bushing
includes multiple conducting elements. The multiple con-
ducting elements each form at least one conducting section of
the at least one inductor of the filter structure. In this context,
an mductor with multiple tappings can be considered as a
single inductor.

The conducting section of the inductor can be surrounded,
in part or fully, by a magnetic material i order to attain a
higher inductance value. The magnetic material can be mag-
netically soft and in one embodiment have a complex perme-
ability with a real part of at least 200 or 500 and an 1maginary
part of at least “iooo or at least Y100 of the real part of the
complex permeability. Through the high real part>>1, a mul-
tiplication of the inductance value as compared to the imduc-
tor 1n free space 1s achieved. The imaginary part being larger
than O results in magnetization losses that are used to attenu-
ate undesired signal components. The magnetic material can
surround the conducting section of the inductor 1n the shape
of a ring. In this context, the conducting section can extend
along a straight line, whereby 1t 1s preferred 1n one embodi-
ment though for the at least one conducting section to have a
longitudinal extension that deviates from a straight line. The
magnetic material can be imntroduced into the base body green
compact 1n the form of a green compact, 1n pre-sintered or
sintered form, and/or can be arranged around the conducting
clement and/or the conducting element green compact 1n the
scope of a manufacturing method.

Moreover, one embodiment 1s 1implemented through a
housing for an implantable medical device that includes at
least one of the electrical bushings according to one embodi-
ment.

Moreover, one embodiment 1s implemented through an
implantable medical device, for example, a cardiac pace-
maker or defibrillator, having at least one electrical bushing,
according to 1n one embodiment.

Moreover, one embodiment 1s implemented through at
least one cermet-containing conducting element 1n an elec-
trical bushing for an implantable medical device for provision
ol at least one conducting section of an inductor of an elec-
trical filter structure of the bushing.

And lastly, one embodiment 1s implemented through a
method for the manufacture of an electrical bushing for an
implantable medical device. The method includes the follow-
ing steps:

a. generating at least one base body green compact for at
least one base body from an electrically imnsulating material;

b. forming at least one cermet-containing conducting ele-
ment green compact for at least one conducting element;
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c. introducing the at least one conducting element green
compact 1nto the base body green compact;

d. subjecting the base body green compact with the at least
one base body green compact to firing 1n order to obtain at
least one base body with at least one conducting element.

The method further provides a step of providing an elec-
trical filter structure of the electrical bushing. Step b. includes
the forming of at least one section of the conducting element
green compact as a conducting section of an inductor of the
filter structure.

The conducting element green compact can be formed
while the same 1s being introduced 1nto the base body green
compact or before same 1s being itroduced into the base
body green compact. In one embodiment, the base body green
compact 1s provided prior to introducing the conducting ele-
ment green compact, but i1t can also be produced concurrently
with the forming and/or introducing of the conducting ele-
ment green compact. The base body green compact i1s sub-
jected to finng jointly with the at least one conducting ele-
ment green compact, in one embodiment after the conducting,
clement green compact has been introduced into the base
body green compact.

One embodiment of the method entails that the step of
providing the filter structure includes the step of providing a
capacitor element. In this context, a capacitor element 1is
provided 1n the form of a capacitor whose at least one elec-
trode surface 1s provided by a section of the conducting ele-
ment. The capacitor therefore includes at least one electrode
surface that 1s provided by a section of the conducting ele-
ment. A dielectric layer ol the capacitor 1s formed by a section
of the base body. Both the electrode surface and the dielectric
layer are provided by planar forming of sections of the con-
ducting element green compact and of the base body green
compact. The at least one electrode surface 1s provided, for
example, through planar forming of at least one section of the
conducting element green compact. The dielectric layer 1s
provided likewise through planar forming of sections of the
base body green compact. Moreover, a section of the conduct-
ing element green compact 1s formed as connection section.
The connection section 1s formed such that 1t 1s set up to
physically connect the capacitor element to the conducting
section of the inductor. Accordingly, a section of the conduct-
ing element green compact 1s formed as connection section,
whereby said connection section provides the physical con-
nection of capacitor element and conducting element after the
firing or sintering. Since the connection section 1s provided as
a section of the conducting element green compact and 1s
cermet-containing, the connection section 1s electrically con-
ductive after sintering and connects the capacitor element to
the mductor and/or the conducting section of the imductor
alter sintering 1n an electrically conductive manner. The con-
nection section and the capacitor and the inductor are formed
such that an LC anti-resonant circuit 1s formed. Alternatively,
the connection section 1s formed in such a manner and con-
nected to the capacitor and the inductor that an LC resonant
circuit results due to the interconnection of the capacitor and
inductor through the connection section.

Accordingly, the manufacturing method can provide that a
section of the conducting element green compact 1s formed as
an electrode surface 1n order to provide a capacitor after the
step of firing, which capacitor 1s provided at least 1n part by a
section of the conducting element. Since, according to 1n one
embodiment, a section of the conducting element green com-
pact also 1s formed as conducting section of an inductor, the
forming of sections of the conducting element can generate
different types of components through structuring the con-
ducting element and/or base body. In order to connect said
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components, a connecting element 1s generated, 1in one
embodiment also through forming a section of the conducting
clement. By this means, the forming of sections of the con-
ducting element and at least one section of the base body
generates a filter structure with multiple components. The
forming of sections of the base body and conducting element
allows, for example, a filter structure forming a higher order
filter to be generated.

In addition, one embodiment can provide that additional
physically independent components are inserted into the elec-
trical bushing and become part of the filter structure. This 1s
ecnabled 1n that a section of the conducting element 1s pro-
vided as contact surface, 1n one embodiment by planar form-
ing ol a section of the conducting element. A physically
independent component can then be attached to the filter
structure through said contact surface and thus become part of
the filter structure. The physically independent component
corresponds, for example, to the individual component
described herein.

In this context, one embodiment further provides that the
step of providing the filter structure includes the providing of
the conducting element as at least one contact surface. The
method further provides for introducing at least one pre-made
frequency-selective component into the conducting element
green compact or into the base body green compact. Alterna-
tively, at least one pre-made frequency-selective component
1s arranged on a section of the conducting element green
compact or on a section of the base body green compact.
Moreover, the at least one frequency-selective component 1s
connected to the at least one contact surface. The frequency-
selective component 1s mtroduced and connected before or
alter the conducting element green compact 1s introduced into
the base body green compact. Alternatively, the method also
provides for arranging at least one pre-made frequency-se-
lective component on or 1n the base body and connecting 1t to

the conducting element aiter the step of firing has been carried
out.

In this context, the frequency-selective component is a
physically independent component, for example, a pre-made
component. The frequency-selective component 1s already
equipped with connectors before connecting 1t to the contact
surface and/or before arranging 1t on or 1n the base body green
compact or the conducting element green compact. Accord-
ingly, the pre-made component can be connected to the green
compact before the step of firing 1s carried out or 1t can be
connected to the conducting element and/or the base body
alter the firing or after a pre-sintering process. For example,
the pre-made component 1s electrically connected to the con-
tact surface after the firing and/or after completion of all
pre-sintering processes.

The base body and the conducting element are hermeti-
cally sealed to each other through establishing a firmly
bonded connection between base body and conducting ele-
ment. This 1s attained, for example, through sintering after the
base body green compact and the conducting element green
compact have been made to contact each other. Introducing
the at least one conducting element green compact into the
base body green compact entails that the conducting element
green compact and the base body green compact are made to
be 1n direct contact to each other.

The at least one section of the conducting element green
compact 1s formed as a conducting section of an iductor
through rendering same to have a shape as described through
the description of shapes of the conducting section above. The
conducting element green compact can be pre-sintered before
introducing 1t into the base body green compact. This attains
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a certain stability such that the shape of the conducting ele-
ment green compact 1s not changed madvertently while intro-
ducing it.

Moreover, if desired, a holding element made from a cer-
met can be provided, whereby a holding element green com-
pact extends around the base body or green compact thereof,
and 1s sintered. A corresponding electrical bushing therefore
turther 1includes a holding element that extends around the
circumierence of the base body.

And lastly, one embodiment provides a method, in which a
housing having an electrical bushing 1s generated by initially
producing the housing as a green compact, in one embodi-
ment from a cermet-containing material, whereby the electri-
cal bushing 1s introduced into the housing and, for example,
into a housing wall of the housing before or after a sintering
step. In this context, the housing can be pre-sintered or be
provided as a green compact when the electrical bushing 1s
introduced as a green compact.

In summary, the following embodiments are proposed:

The proposed electrical bushing 1s set up for use i an
implantable medical device, whereby the implantable medi-
cal device can be provided, in one embodiment, as an active
implantable medical device (AIMD) and in one embodiment
as a therapeutic device.

As a matter of principle, the term, implantable medical

device, shall include any device which 1s set up to perform at
least one medical function and which can be introduced into
a body tissue of a human or animal user. As a matter of
principle, the medical function can include any function
selected from the group consisting of a therapeutic function,
a diagnostic function, and a surgical function. For example,
the medical function can 1nclude at least one actuator func-
tion, 1n which an actuator 1s used to exert at least one stimulus
on the body tissue, for example, an electrical stimulus.

As a matter of principle, the term, active implantable medi-
cal device—also called AIMD—shall include all implantable
medical devices that can conduct electrical signals from a
hermetically sealed housing to a part of the body tissue of the
user and/or recerve electrical signals from the part of the body
tissue of the user. Accordingly, the term, active implantable
medical device, includes, for example, cardiac pacemakers,
cochlea 1mplants, implantable cardioverters/defibrillators,
nerve, brain, organ or muscle stimulators as well as implant-
able monitoring devices, hearing aids, retinal implants,
muscle stimulators, implantable drug pumps, artificial hearts,
bone growth stimulators, prostate implants, stomach implants
or the like.

The implantable medical device, for example, the active
implantable medical device, can wusually include, {for
example, at least one housing, for example, at least one her-
metically sealed housing. The housing can in one embodi-
ment enclose at least one electronics unit, for example a
triggering and/or analytical electronics unit of the implant-
able medical device.

In the scope of one embodiment, a housing of an implant-
able medical device shall be understood to be an element that
encloses, at least 1n part, at least one functional element of the
implantable medical device that i1s set up to perform the at
least one medical function or promotes the medical function.
For example, the housing includes at least one internal space
that takes up the functional element fully or in part. For
example, the housing can be set up to provide mechanical
protection to the functional element with respect to strains
occurring during operation and/or upon handling, and/or pro-
vide protection to the functional element with respect to
ambient intluences such as, for example, influences of a body
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fluid. The housing can, for example, border and/or close the
implantable medical device with respect to the outside.

In this context, an internal space shall be understood herein
to mean a region of the implantable medical device, for
example, within the housing, which can take up the functional
clement fully or 1n part and which, in an implanted state, does
not contact the body tissue and/or a body fluid. The internal
space can include at least one hollow space which can be
closed fully or in part. However, alternatively, the internal
space can be filled up fully or 1n part, for example by the at
least one functional element and/or by at least one filling
material, for example at least one casting, for example at least
one casting material in the form of an epoxy resin or a stmilar
material.

An external space, 1n contrast, shall be understood to be a
region outside of the housing. This can, for example, be a
region which, 1n the implanted state, can contact the body
tissue and/or a body fluid. Alternatively or in addition, the
external space can just as well be or include a region that 1s
only accessible from outside the housing without necessarily
contacting the body tissue and/or the body fluid, for example
a region ol a connecting element of the implantable medical
device that 1s accessible from outside to an electrical connect-
ing element, for example an electrical plug connector.

The housing and/or, for example, the electrical bushing
can, for example, be provided to be hermetically sealed such
that, for example, the internal space, 1s hermetically sealed
with respect to the external space. In this context, the term,
“hermetically sealed”, can illustrate that moisture and/or
gases cannot permeate through the hermetically sealed ele-
ment at all or only to a minimal extent upon intended use for
the common periods of time (for example 5-10 years). The
leakage rate, which can be determined, for example, by leak
tests, 1s a physical parameter that can described, for example,
a permeation ol gases and/or moisture through a device, for
example, through the electrical bushing and/or the housing.
Pertinent leak tests can be carried out with helium leak testers
and/or mass spectrometers and are specified 1n the Mil-STD-
883G Method 1014 standard. In this context, the maximal
permissible helium leak rate 1s determined as a function of the
internal volume of the device to be tested. According to the
methods specified in MIL-STD-883G, method 1014, section
3.1 and taking into consideration the volumes and cavities of
the devices to be tested that are used 1n the application of one
embodiment, said maximal permissible helium leak rates can,
for example, be from 1x10™® atm*cm’/sec to 1x107’
atm*cm>/sec. In the scope of one embodiment, the term,
“hermetically sealed”, shall be understood, for example, to
mean that the device to be tested (for example the housing
and/or the electrical bushing and/or the housing with the
electrical bushing) has a helium leak rate of less than 1x10~’
atm*cm>/sec. In one embodiment, the helium leak rate can be
less than 1x10™° atm*cm>/sec, in one embodiment, less than
1x10™" atm*cm>/sec. For the purpose of standardization, the
above-mentioned helium leak rates can also be converted into
the equivalent standard air leak rate. The definition of the
equivalent standard air leak rate and the conversion are speci-
fied 1n the ISO 3530 standard.

Electrical bushings are elements set up to create at least one
clectrically conducting path that extends between the internal
space of the housing to at least one external point or region
outside the housing, for example, situated in the external
space. Accordingly, this establishes, for example, an electri-
cal connection to leads, electrodes, and sensors that are
arranged outside the housing.

Common implantable medical devices are commonly pro-
vided with a housing, which can include, on one side, a head
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part, also called header or connecting body, that carries con-
nection sockets for connection of leads, also called electrode
leads. The connection sockets include, for example, electrical
contacts that serve to electrically connect the leads to a con-
trol electronics unit on the interior of the housing of the
medical device. Usually, an electrical bushing 1s provided in
the location, at which the electrical connection enters into the
housing of the medical device, and the electrical bushing 1s
inserted mto a corresponding opening of the housing 1n a
hermetically sealing manner.

Due to the type of use of implantable medical devices, their
hermetic sealing and biocompatibility are usually amongst
the foremost requirements. The implantable medical device
proposed herein according to one embodiment, can be
inserted, for example, 1nto a body of a human or amimal user,
for example, of a patient. As a result, the implantable medical
device 1s usually exposed to a fluid of a body tissue of the
body. Accordingly, it 1s usually important that no body fluid
penetrates mto the implantable medical device and that no
liquids leak from the implantable medical device. In order to
ensure this, the housing of the implantable medical device,
and thus the electrical bushing as well, should be as 1imper-
meable as possible, for example, with respect to body fluids.

Moreover, the electrical bushing should ensure high elec-
trical insulation between the at least one conducting element
and the housing and/or the multiple conducting elements
provided that more than one conducting element are present.
In this context, the insulation resistance reached in one
embodiment 1s at least several MOhm, 1n one embodiment,
more than 20 MOhm, and the leakage currents reached can be
small, in one embodiment, less than 10 pA. Moreover, 1n case
multiple conducting elements are present, the crosstalk and
clectromagnetic coupling between the individual conducting
clements 1n one embodiment are below the specified thresh-
olds for medical applications.

The electrical bushing disclosed according to one embodi-
ment 1s well-suited for the above-mentioned applications.
Moreover, the electrical bushing can also be used 1n other
applications that are associated with special requirements
with regard to biocompatibility, tight sealing, and stability.

The electrical bushing according to one embodiment can
meet, for example, the above-mentioned tight sealing require-
ments and/or the above-mentioned msulation requirements.

As mentioned above, the electrical bushing includes at
least one electrically insulating base body. In the scope of one
embodiment, a base body shall be understood to mean an
clement that serves a mechanical holding function in the
clectrical bushing, for example 1n that the base body holds or
carries the at least one conducting element either directly or
indirectly. For example, the at least one conducting element
can be embedded 1n the base body directly or indirectly, fully
or partly, for example, through a firmly bonded connection
between the base body and the conducting element and in one
embodiment through co-sintering of the base body and the
conducting element. For example, the base body can have at
least one side facing the internal space and at least one side
facing the external space and/or accessible from the external
space.

As mentioned above, the base body 1s provided to be elec-
trically insulating. This means that the base body, fully or at
least regions thereof, 1s made from at least one electrically

insulating material. In this context, an electrically imsulating
material shall be understood to mean a material with a resis-
tivity of at least 10" Ohm*m, in one embodiment, of at least
10® Ohm*m, in one embodiment of at least 10° Ohm*m, and
in one embodiment of at least 10" Ohm*m. For example, the
base body can be provided such that, as mentioned above, a
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flow of current between the conducting element and the hous-
ing and/or between multiple conducting elements 1s at least
largely prevented, for example through the resistivity values
between the conducting element and the housing as specified
above being implemented. For example, the base body can
include at least one ceramic matenal.

In this context, a conducting element or electrical conduct-
ing element shall generally be understood to mean an element
set up to establish an electrical connection between at least
two sites and/or at least two elements. For example, the con-
ducting element can include one or more electrical conduc-
tors, for example metallic conductors. In the scope of the one
embodiment, the conducting element 1s made fully or partly
of at least one cermet, as mentioned above. In addition, one or
more other electrical conductors, for example metallic con-
ductors, can be provided. The conducting element can, for
example, be provided 1n the form of one or more contact pins
and/or curved conductors. Moreover, the conducting element
can include, for example, on a side of the base body and/or
clectrical bushing facing the internal space or on a side of the
base body and/or electrical bushing facing the external space
or accessible from the external space, one or more connecting
contacts, for example one or more plug-in connectors, for
example one or more connecting contacts, which project from
the base body or can be electrically contacted through other
means from the internal space and/or the external space.

The at least one conducting element can establish the elec-
trically conducting connection between the internal space and
the external space in a variety of ways. For example, the
conducting element can extend from at least one section of the
conducting element that 1s arranged on the side of the base
body facing the internal space to at least one section of the
conducting element arranged on the side facing the external
space or accessible from the external space. However, other
arrangements are also feasible as a matter of principle.
Accordingly, the conducting element can just as well include
a plurality of partial conducting elements that are connected
to each other 1n an electrically conducting manner. Moreover,
the conducting element can extend into the internal space
and/or the external space. For example, the conducting ele-
ment can 1nclude at least one region that 1s arranged 1n the
internal space and/or at least one region that 1s arranged 1n the
external space, whereby the regions can, for example, be
clectrically connected to each other. Various exemplary
embodiments shall be illustrated 1n more detail below.

The at least one conducting element can include, on a side
of the base body and/or electrical bushing facing the internal
space or on a side of the base body and/or electrical bushing
facing the external space or accessible from the external
space, at least one electrical connecting element and/or be
connected to an electrical connecting element of this type. For
example, as described above, one or more plug-in connectors
and/or one or more contact surfaces and/or one or more con-
tact springs and/or one or more types of electrical connecting,
clements can be provided on one or both of said sides. The at
least one optional connecting element can, for example, be a
component of the at least one conducting element and/or can
be connected to the at least one conducting element 1n an
clectrically conducting manner. For example, one or more
conducting elements of the bushing can be contacted to one or
more 1nternal connecting elements and/or one or more exter-
nal connecting elements. The material of the internal connect-
ing elements should be suited for permanent connection to the
conducting eclement. The external connecting elements
should be biocompatible and should be such that they can be
permanently connected to the at least one conducting ele-
ment.
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The electrically insulating base body can support, as a
bearing, for example, the at least one conducting element. The
at least one material of the base body should in one embodi-
ment be biocompatible, as 1llustrated above, and should have
suificiently high insulation resistance. It has proven to be
advantageous 1n one embodiment for the base body to include
one or more materials selected from the group consisting of:
aluminum oxide (Al,O;), zirconium dioxide (ZrO,), alumi-
num oxide-toughened zirconium oxide (ZTA), zircontum
oxide-toughened aluminum oxide (ZTA—Zirconia Tough-
ened Aluminum—Al,O,/7Zr0,), vyttrium-toughened zirco-
nium oxide (Y-TZP), aluminum nitride (AIN), magnesium
oxide (MgQ), piezoceramic materals, barium (Zr, T1) oxide,
bartum (CE, T1) oxide, and sodium-potasstum-niobate.

A holding element reaches around the base body and serves
as connecting element to the housing of the implantable
device. The materials of the edge body must be biocompat-
ible, easy to process, corrosion-resistant, and permanently
connectable to the base body and the housing 1 a firmly
bonded manner. It has proven to be advantageous in one
embodiment for the edge body according to one embodiment
to include at least one of the following metals and/or an alloy
based on at least one of the following metals: platinum, 1ri-
dium, niobium, molybdenum, tantalum, tungsten, titanium,
cobalt-chromium alloys or zirconium.

In the proposed electrical bushing, the at least one conduct-
ing element includes at least one cermet.

The base body can, for example, be made fully or partly
from one or more sinterable materials, for example, from one
or more ceramic-based sinterable materials. The conducting
clement or elements can fully or partly be made of one or
more cermet-based sinterable materials. Moreover, the at
least one conducting element can also, as mentioned above,
include one or more additional conductors, for example one
or more metallic conductors.

In the scope of one embodiment, “cermet” shall refer to a
composite material made of one or more ceramic materials 1n
at least one metallic matrix or a composite material made of
one or more metallic materials 1n at least one ceramic matrix.
For production of a cermet, for example, a mixture of at least
one ceramic powder and at least one metallic powder can be
used to which, for example, at least one binding agent and, 1
applicable, at least one solvent can be added. The ceramic
powder or powders of the cermet 1n one embodiment has or
have a mean grain size of less than 10 um, 1n one embodiment
less than 5 um, and 1n one embodiment less than 3 um. The
metallic powder or powders of the cermet 1n one embodiment
have a mean grain size of less than 15 um, 1n one embodiment
less than 10 um, and in one embodiment less than 5 um. For
production of a base body, for example, at least one ceramic
powder can be used to which, for example, at least one bind-
ing agent and, 1T applicable, at least one solvent can be added.
In this context, the ceramic powder or powders in one
embodiment has/have a mean grain size of less than 10 um (1
um are equal to 1x107°m), in one embodiment less than 5 pm,
in one embodiment less than 3 um. For example, the median
value or the d50 value of the grain size distribution 1s consid-
ered to be the mean grain size 1n this context. The d50 value
corresponds to the value at which 50 percent of the grains of
the ceramic powder and/or metallic powder are finer and 50%
are coarser than the d50 value.

In the scope of one embodiment, sintering or a sintering,
process shall generally be understood to mean a method for
producing materials or work-pieces, 1n which powdered, in
particular fine-grained, ceramic and/or metallic substances
are heated and thus connected. This process can proceed
without applying external pressure onto the substance to be
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heated or can, for example, proceed under elevated pressure
onto the substance to be heated, for example under a pressure
of at least 2 bar, 1n one embodiment higher pressures, for
example pressures of at least 10 bar, for example, at least 100
bar, or even at least 1000 bar. The process can proceed, for
example, tully, or partly at temperatures below the melting
temperature of the powdered material, for example at tem-
peratures of 700° C. to 1400° C. The process can be imple-
mented, for example, fully, or partly in a tool and/or a mould
such that a forming step can be associated with the sintering
process. Aside from the powdered matenals, a starting mate-
rial for the sintering process can include further matenials, for
example one or more binding agents and/or one or more
solvents. The sintering process can proceed 1n one or more
steps, whereby additional steps can precede the sintering
process, for example one or more forming steps and/or one or
more debinding steps.

A method can be used, for example, 1n the manufacture of
the at least one conducting element and/or optionally in the
manufacture of the at least one base body, mn which at least
one green compact 1s manufactured first, subsequently at least
one brown compact 1s manufactured from said green com-
pact, and subsequently the fimshed work-piece 1s manufac-
tured from said brown compact through at least one sintering
step. In this context, separate green compacts and/or separate
brown compacts can be manufactured for the conducting
clement and the base body and can be connected subse-
quently. Alternatively, one or more common green compacts
and/or brown compacts can be produced for the base body
and the conducting element. Alternatively again, separate
green compacts can be produced first, said green compacts
can then be connected, and subsequently a common brown
compact can be produced from the connected green compact.
In general, a green compact shall be understood to mean a
pre-form body of a work-piece which includes the starting
material, for example the at least one ceramic and/or metallic
powder, as well as, 11 applicable, the one or more binding
agents and/or one or more solvents. A brown compact shall be
understood to mean a pre-form body which 1s generated from
the green compact through at least one debinding step, for
example at least one thermal and/or chemical debinding step,
whereby the at least one binding agent and/or the at least one
solvent 1s/are removed, at least partly, from the pre-form body
in the debinding step.

The sintering process, for example, of a cermet, but of the
base body just as well, for example, can proceed comparable
to a sintering process that 1s commonly used for homoge-
neous powders. For example, the material can be compacted
in the sintering process at high temperature and, 11 applicable,
high pressure such that the cermet 1s virtually sealed tight or
has no more than closed porosity. Usually, cermets are char-
acterized by their particularly high toughness and wear resis-
tance. Compared to sintered hard metals, a cermet-containing
transmission element usually has a higher thermal shock and
oxidation resistance and usually a thermal expansion coedli-
cient that 1s matched to a surrounding insulator.

For the bushing according to one embodiment, the at least
one ceramic component of the cermet can include, for
example, at least one of the following materials: aluminum
oxide (Al,O,), zirconium dioxide (Zr0O,), aluminum oxide-
toughened zirconium oxide (ZTA), zirconium oxide-tough-
ened aluminum oxide (ZTA—Zirconia Toughened Alumi-
num—Al,O5/71r0,), yttrium-toughened zirconium oxide
(Y T7P), alummum nitride (AIN), magnesium oxide (MgQO),
piezoceramic materials, barium (Zr, T1) oxide, barium (CE,
T1) oxade, and sodium-potassium-niobate.
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For the bushing according to one embodiment, the at least
one metallic component of the cermet can include, for
example, at least one of the following metals and/or an alloy
based on at least one of the following metals: platinum, 1ri-
dium, niobium, molybdenum, tantalum, tungsten, titanium,
cobalt or zirconmium. An electrically conductive connection 1s
usually established in the cermet when the metal content
exceeds the so-called percolation threshold at which the
metal particles 1n the sintered cermet are connected to each
other, at least 1n spots, such that electrical conduction 1is
enabled. For this purpose, experience tells that the metal
content should be 25% by volume and more, 1n one embodi-
ment 32% by volume, 1n one embodiment, more than 38% by
volume, depending on the selection of materials.

In the scope of one embodiment, the terms, “including a
cermet,” “cermet-including,” “comprising a cermet,” and
“cermet-containing”’, are used synonymously. Accordingly,
the terms refer to the property of an element, being that the
clement contains cermet. This meaning also includes the vari-
ant of an embodiment 1n that elements, for example the con-
ducting element, consist of a cermet, that 1s, are fully made of
a cermet.

In one embodiment, both the at least one conducting ele-
ment and the base body can include one or more components
which are or can be manufactured in a sintering procedure, or
the at least one conducting element and the base body are or
can both be manufactured in a sintering procedure. For
example, the base body and the conducting element are or can
be manufactured 1n a co-sintering procedure, that 1s, a proce-
dure of simultaneous sintering ol these elements. For
example, the conducting element and the base body each can
include one or more ceramic components that are manufac-
tured, and 1n one embodiment compacted, in the scope of at
least one sintering procedure.

For example, a base body green compact can be manufac-
tured from an 1nsulating composition of materials. This can
proceed, for example, by compressing the composition of
materials 1n a mould. In this context, the insulating composi-
tion of materials 1n one embodiment 1s a powder mass, in
which the powder particles show at least minimal cohesion. In
this context, the production of a green compact proceeds, for
example, through compressing powder masses or through
forming by plastic shaping or casting and subsequent drying.

Said procedural steps can also be utilized to form at least
one cermet-containing conducting element green compact. In
this context, one embodiment can provide that the powder,
which 1s compressed to form the conducting element green
compact, 1s cermet-contaiming or consists ol a cermet or
includes at least one starting material for a cermet. Subse-
quently, the two green compacts—the base body green com-
pact and the conducting element green compact—can be
combined. The production of the conducting element green
compact and the base body green compact can just as well
proceed simultaneously, for example, by multi-component
injection molding, co-extrusion, etc., such that there 1s no
longer a need to connect them subsequently.

While the green compacts are being sintered, they are in
one embodiment subjected to a heat treatment below the
melting temperature of the powder particles of the green
compact. This usually leads to compaction of the material and
ensuing substantial reduction of the porosity and volume of
the green compacts. Accordingly, 1n one method the base
body and the conducting element can in one embodiment be
sintered jointly. Accordingly, there 1s in one embodiment no
longer a need to connect the two elements subsequently.

Through the sintering, the conducting element becomes
connected to the base body in one embodiment 1n a positive
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fit-type and/or non-positive fit-type and/or firmly bonded
manner. This 1n one embodiment achieves hermetic integra-
tion of the conducting element 1nto the base body. In one
embodiment, there 1s no longer a need for subsequent solder-
ing or welding of the conducting element into the base body.
Rather, a hermetically sealing connection between the base
body and the conducting element 1s attained through the joint
sintering 1n one embodiment and utilization of a cermet-
containing green compact in one embodiment.

One refinement of the method 1s characterized 1n that the
sintering includes only partial sintering of the at least one
optional base body green compact, whereby said partial sin-
tering can effect and/or include, for example, the debinding
step mentioned above. In one embodiment, the green compact
1s heat-treated 1n the scope of said partial sintering. This 1s
usually already associated with some shrinkage of the volume
of the green compact. However, the volume of the green
compact has not yet reached 1ts final state. Rather, another
heat treatment 1s usually needed—a final sintering—in which
the green compact(s) 1s/are shrunk to its/their final size. In the
scope of said variant of an embodiment, the green compact 1s
in one embodiment sintered only partly 1n order to attain a
certain stability to render the green compact easier to handle.

The starting material used for producing at least one con-
ducting element green compact and/or at least one base body
green compact can, for example, be a dry powder or include
a dry powder, whereby the dry powder 1s compressed 1n the
dry state 1into a green compact and shows sutficient adhesion
to maintain 1ts compressed green compact shape. However,
optionally, the starting material can include one or more fur-
ther components in addition to the at least one powder, for
example, as mentioned above, one or more binding agents
and/or one or more solvents. Said binding agents and/or sol-
vents, for example organic and/or morganic binding agents
and/or solvents, are generally known to the person skilled 1n
the art, and are commercially available, for example. The
starting material can, for example, include one or more slur-
ries or be a slurry. In the scope of one embodiment, a slurry 1s
a suspension of particles of a powder made of one or more
materials 1n a liguid binding agent, and, if applicable, 1n a
water-based or organic binding agent. A slurry has a high
viscosity and can easily be formed mto a green compact
without the application of high pressure, for example through
casting or injection molding or plastic forming.

In the case of green compacts made from slurries, the
sintering process, which 1s generally carried out below the

melting temperature of the ceramic, cermet or metal materials
that are used, but 1n individual cases can also be carried out

50 justabove the melting temperature of the lower melting com-
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ponent of a multi-component mixture, this usually being the
metal component, leads to the binding agent slowly diffusing
trom the slurry. Overly rapid heating leads to a rapid increase
of the volume of the binding agent by transition to the gas
phase and destruction of the green compact or formation of
undesired defects 1n the work-piece.

Thermoplastic and duroplastic polymers, waxes, ther-
mogelling substances and/or surface-active substances, for
example, can be used as binding agent—also called binder. In
this context, these can be used alone or as binding agent
mixtures of multiple components of this type. If individual
clements or all elements of the bushing (base body green
compact, conducting element green compact, bushing blank)
are produced in the scope of an extrusion procedure, the
composition of the binding agent should be such that the line
of the elements extruded through the nozzle i1s sufficiently
stable 1n shape for the shape defined by the nozzle to easily be
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maintained. Suitable binders, also called binding agents, are
known to the person skilled in the art.

In contrast to one embodiment, according to which a con-
ducting element includes at least one cermet, the prior art has
ametallic wire or other metallic work-piece be the conducting
clement. A conducting element, which, according to one
embodiment, 1s provided with a cermet, can be connected to
the base body easily, since the cermet and the insulation
clement are or include ceramic substances and/or a ceramic
material. The base body can also be called insulation element
in order to address the electrical function; in this context, the
two terms are exchangeable. Green compacts of both the
conducting element and the base body can be produced and
subsequently subjected to a sintering process. The resulting
clectrical bushing 1s not only particularly biocompatible and
durable, but also possesses good hermetic sealing properties.
Thus, no fissures or connecting sites still to be soldered result
between the conducting element and the base body. Rather,
sintering results in the base body and the conducting element
becoming connected. One variant of an embodiment, there-
tore provides the at least one conducting element to consist of
a cermet. In this variant of an embodiment, the conducting
clement includes not only components made of cermet, but 1s
tully made of a cermet.

Generally, cermets are characterized by their particularly
high toughness and wear resistance. The “cermets” and/or
“cermet-containing” substances can, for example, be or
include cutting materials related to hard metals which can
dispense with tungsten carbide as the hard substance and can
be produced, for example, by a powder metallurgical route. A
sintering process for cermets and/or the cermet-containing
conducting element proceeds, for example, alike a process for
homogeneous powders except that, at 1dentical compression
force, the metal 1s usually compacted more strongly than the
ceramic material. Compared to sintered hard metals, the cer-
met-containing conducting element usually shows higher
resistance to thermal shock and oxidation. As mentioned
above, the ceramic components can be, for example, alumi-
num oxide (Al,O;) and/or zircontum dioxide (ZrO,),
whereas for example, niobium, molybdenum, titanium,
cobalt, zirconium, chromium are conceivable as metallic
components.

For integration of the electrical bushing into the housing of
a cardiac pacemaker, the electrical bushing can include a
holding element. Said holding element 1s wreath-shaped and/
or arranged around the base body 1n the form of a continuous
rim, 1n one embodiment circumierential. The holding ele-
ment surrounds the base body, 1n one embodiment along its
entire circumierence. The purpose of the holding element 1s
to establish a non-positive {it- and/or positive fit-type connec-
tion to the housing. A fluid-tight connection between the
holding element and the housing must be established 1n the
process. In one embodiment, the electrical bushing includes a
holding element that includes a cermet. The cermet-contain-
ing holding element can be connected to the housing of the
implantable medical device 1n an easy, durable and hermeti-
cally sealed manner. Another embodiment provides the hold-
ing element to not only include a cermet, but to consist of a
cermet. Moreover, 1t 1s concervable that the conducting ele-
ment and the holding element are made from the same mate-
rial. In this variant, the same materials are used for both the
conducting element and the holding element. This relates, for
example, to a durable, conductive, and biocompatible cermet.
Since both the holding element and the conducting element
are still to be connected to metallic components, both must
include means to be welded or soldered to them. If a cermet 1s
found that meets the pre-requisites specified above, said cer-
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met can be used for both the holding element and the con-
ducting element 1n order to obtain a particularly inexpensive
clectrical bushing.

In electrical terms, the base body can also be considered to
be an insulation element that 1s electrically insulating. The
base body 1s made from an electrically insulating material, in
one embodiment from an electrically insulating composition
ol materials. The base body 1s set up to electrically insulate
the conducting element from the holding element or—(in
case no holding element 1s provided)—{rom the housing and/
or other objects of the implantable medical device. Electrical
signals that are propagated through the conducting wire shall
not be attenuated or short-circuited by contacting the housing
of the implantable device. In addition, the composition of the
base body must be biocompatible for implantation in medical
applications. For this reason, 1t 1s preferred 1n one embodi-
ment that the base body consists of a glass-ceramic or glass-
like material. It has been found to be preferred 1n one embodi-
ment that the insulating composition of materials of the base
body 1s at least any one from the group, aluminum oxide
(Al,O,), magnesium oxide (MgQO), zirconium oxide (ZrO,),
aluminum titanate (Al,T10.), and piezoceramic materials. In
this context, aluminum oxide features high electrical resis-
tance and low dielectric losses. These properties are supple-
mented by the additional high thermal resistance and good
biocompatibility.

Another refinement of the bushing according to one
embodiment 1s characterized i1n that the holding element
includes at least one flange, whereby the flange, for example,
1s conductive like a metal. The purpose of the flange 1s to seal
the electrical bushing with respect to a housing of the implant-
able device. The holding element holds the electrical bushing
in the implantable device. In the variant of an embodiment
described herein, the holding element includes at least one
flange on an external side. These flanges form a bearing,
which can be engaged by the lids of the implantable medical
device, 1n particularly engaged 1n a tightly sealing manner.
Accordingly, the holding element including the flanges con-
nected to it can have a U- or H-shaped cross-section. Integrat-
ing at least one flange 1nto the holding element ensures that
the electrical bushing is integrated into the implantable device
in a sate, impact-resistant and durable manner. In addition,
the flanges can be provided such that the lids of the implant-
able device are connected clip-like to the holding element 1n
a non-positive fit-type or positive fit-type manner.

Another refinement of the electrical bushing according to
in one embodiment 1s characterized in that the at least one
flange 1ncludes a cermet. In the scope of said variant of an
embodiment, both the holding element and the flange include
a cermet. Both the flange and the holding element are made of
the same material 1n one embodiment. By providing the
flange as a cermet, the flange can be sintered easily and
inexpensively as part of the holding element jointly with the
insulation element and the conducting element 1n the scope of
the method to be described below.

One embodiment also includes a use of at least one cermet-
including conducting element 1n an electrical bushing for an
implantable medical device. Features and details that were
described 1n the context of the electrical bushing and/or the
method shall obviously also apply 1n relation to the use of a
cermet-contaiming conducting element.

The scope of one embodiment also includes an implantable
medical device, for example, a cardiac pacemaker or defibril-
lator, having an electrical bushing according to at least one of
the preceding claims. Features and details that were described
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in the context of the electrical bushing and/or the method shall
obviously also apply 1n relation to the implantable medical
device.

Features and properties that are described 1n the context of
the electrical bushing shall also apply in relation to the
method according to one embodiment, and vice versa.

The method according to one embodiment provides both
the base body and the conducting element to include ceramic
components that are processed 1n the scope of a sintering
process. In the scope of step a), a base body green compact 1s
generated from an msulating composition of materials. This
can be done by compressing the composition of materials 1n
a mould. In this context, the insulating composition of mate-
rials 1n one embodiment 1s a powder mass, 1n which the
powder particles show at least minimal cohesion. Usually,
this 1s effected 1n that a grain size of the powder particles does
not exceed 0.5 mm. In one embodiment, the mean grain size
1s no larger than 10 um. In this context, the manufacture of the
green compact proceeds either by compressing powder
masses or by forming and subsequent drying. Said procedural
steps are also utilized to form the cermet-containing conduct-
ing element green compact. In this context, one embodiment
provides the powder, which 1s compressed into the conduct-
ing element green compact, to be cermet-contaiming or to
consist of a cermet. The green compacts—ior example, the
base body green compact and the conducting element green
compact—are 1n one embodiment combined subsequent to
this step. After this step, which 1s called step c¢), the two green
compacts are subjected to firing—which 1s also called sinter-
ing. In the process of sintering or firing, the green compacts
are subjected to a heat treatment below the melting tempera-
ture of the powder particles of the green compact. This leads
to a substantial reduction of the porosity and volume of the
green compacts. The special feature according to one
embodiment of the method 1s therefore that the base body and
the conducting element are jointly subjected to firing and the
conducting element 1s generated to have at least one conduc-
tive surface. Subsequently, there 1s no longer a need to con-
nect the two elements and, for example, there 1s no need to
generate a conductive surface i an additional step. Through
the firing process, the conducting element becomes con-
nected to the base body 1n a positive fit-type and/or non-
positive fit-type and/or firmly bonded manner. This achieves
hermetic integration of the conducting element into the base
body. There 1s no longer a need for subsequent soldering or
welding of the conducting element into the base body. Rather,
through the joint firing and the utilization of a cermet-con-
taining green compact, that 1s, of the conducting element
green compact, a hermetically sealing connection between
the base body and the conducting element 1s attained.

One refinement of the method according to one embodi-
ment 1s characterized 1n that step a) includes a partial sintering,
of the base body green compact. The green compact of the
insulation element 1s heat-treated 1n the scope of said partial
sintering. This 1s already associated with some shrinkage of
the volume of the 1nsulation element green compact. How-
ever, the volume of the green compact does not reach 1ts final
state. Rather, this requires another heat treatment in the scope
of step d), in which the base body green compact and the
conducting element green compact are shrunk to their final
s1ze. In the scope of said variant of an embodiment, the green
compact 1s heat treated only partly 1in order to already attain a
certain surface hardness to render the base body green com-
pact easier to handle. This 1s expedient in particular in the case
of 1nsulating compositions of materials which can be com-
pressed into a green compact shape only with some difficulty.
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For example, a component of the bushing according to one
embodiment 1s called green compact unless all sintering steps
have been carried out. Accordingly, even a pre-sintered or
partly sintered or heat-treated green compact 1s called green
compact until all heat treatment or sintering steps have been
completed.

Another variant of the embodiment 1s characterized 1n that
the conducting element green compact 1s also already partly
sintered in step b). As described above for the base body green
compact, the conducting element green compact can also be
partly sintered in order to already attain a certain surface
stability. It needs to be noted 1n this context that the final
complete sintering occurs no earlier than 1n step d). Accord-
ingly, the conducting element green compact attains 1ts final
s1ze only 1n step d).

Another refinement of the method 1s characterized in that at
least one cermet-containing holding element green compact
for a holding element 1s generated. The conducting element
green compact 1s itroduced into the base body green com-
pact. The base body green compact 1s mtroduced mto the
holding element green compact. The base body green com-
pact 1s subjected to firing jointly with the at least one con-
ducting element green compact and the holding element
green compact. This results in a base body with a conducting
clement and a holding element.

The special feature of this procedural step 1s that, not only
the conducting element green compact and the base body
green compact, but also the holding element green compact 1s
sintered 1in one step. All three green compacts are generated,
then joined, and subsequently subjected to firing or sintering
as a unit. In a particular variant of an embodiment, producing
the at least one cermet-containing holding element green
compact can include a partial sintering. As before, one
embodiment provides the fringe green compact to be partly
sintered 1n order to attain higher surface stability. In thas
context, the base body green compact can thus form the
dielectric layer or a piezoelectric body for the filter structure
or a receptacle for a frequency-selective component.

A specific exemplary embodiment of a method for the
manufacture of a bushing according to one embodiment 1s
presented 1n the following.

In the first step, a cermet mass 1s produced from platinum
(Pt) and aluminum oxide (Al,O,) containing 10% zirconium
dioxide (Zr0O,). The following starting materials are used for
this purpose:

40 vol. % Pt powder with a mean grain size of 10 um, and

60 vol. % Al,O,/ 71O, powder with a relative ZrO,, content

of 10% and a mean grain size of 1 um.

The two components were mixed, water and a binding
agent were added, and the sample was homogenized through
a kneading process. Analogous to the first step, a ceramic
mass 1s produced 1n a second step from a powder with an
Al,O, content of 90% and a ZrO, content of 10%. The mean
grain size was approx. 1 um. As before, water and a binding
agent were added to the ceramic powder and the sample was
homogenised. In a third step, the ceramic mass made of
aluminium oxide with a 10% zirconium dioxide content pro-
duced 1n step two was converted to a shape of a base body.
Made from the cermet mass produced in the first step, a
cermet body that contained a mixture of platinum powder and
aluminium oxide with a zirconium dioxide content of 10%,
was introduced as green compact into an opening in the base
body green compact. Subsequently, the ceramic mass was
compacted in the mould. Then the cermet and the ceramic
component were subjected to debinding at 500° C. and the
sintering was finished at 1650° C.
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FI1G. 1 1llustrates a first embodiment of the electrical bush-
ing 10. It can be surrounded by a holding element 20, whereby
the optional holding element 20 1s indicated through dashed
lines. The electrical bushing 10 includes a conducting ele-
ment 30 and a base body 40. The conducting element 30 1s
provided 1n said base body 40. The electrical bushing 10
illustrated in FIG. 1 further includes a filter structure 30 that
1s provided by sections of the conducting element. A {first
capacitor 1s formed by a first group of electrodes 52a and a
second group of electrodes 525 which each are shifted radi-
ally with respect to the longitudinal axis of the electrical
bushing. The electrode surfaces of the group of electrodes 524
cach are situated opposite from the electrode surfaces of the
group ol electrodes 5256, and the dielectric layers extend
between the respective electrode surfaces. The dielectric lay-
ers are provided by sections of the base body 40. The groups
of electrodes 52a and 525 thus form two poles of the capaci-
tor. The capacitor therefore has a multi-layered structure. The
clectrode surfaces 52a and 525 extend along the longitudinal
axis of the electrical bushing, that 1s, along the extension of
the electrically conductive connection which is provided by
the conducting element 30. The electrode surfaces of the
groups of electrodes 52a and b are provided by sections of the
conducting element 30 and thus include a cermet. A further
capacitor 1s provided by third and fourth groups of electrodes
524" and 525" which are arranged symmetrical thereto. The
group ol electrodes 52a includes electrode surfaces that are
opposite to electrode surfaces of group of electrodes 52'.
Multiple dielectric layers are situated between the groups of
clectrodes 52a' and 525'. The dielectric layers are provided by
sections of the base body 40. A first connection section 54a
connects the groups of electrodes 52q and 524' and a second
connection section 545 connects the groups of electrodes 5256
and 525'. The connection sections 54a and 545 each extend
perpendicular to the longitudinal axis of the electrical bush-
ing and are plane parallel to each other. The connection sec-
tions 34a and 546 do not only connect the electrode surfaces,
but also provide an electrical connection to the longitudinal
sections of the conducting element 30. This results 1n a first
long longitudinal section below the connection section 54a
and a short longitudinal section above the connection section
54b.

In order to provide the electrically conductive connection,
an inductor 58 1s situated between the connection sections
54a and 3545 and/or between the longitudinal sections of the
conducting element 30 described above. The inductor 58
includes multiple longitudinal sections that extend perpen-
dicular and parallel to the longitudinal axis of the electrical
bushing. Said conducting sections are each connected to each
other 1n a serial manner. The conducting sections providing
the mnductor 58 are formed by the conducting element 30 and
thus include a cermet. The conducting sections extend alter-
nately perpendicular and parallel to the longitudinal axis of
the electrical bushing and thus have a longitudinal extension
that includes a kink at each end of a conducting section. Since
the conducting sections of the inductor 58 are connected to
cach other throughout and are also connected to the connec-
tion sections 34a, b, an electrically conductive connection 1s
established between the connection section 54a and 545 as
the result. The inductor provided by the conducting sections
and the capacitors provided by the groups of electrodes 52a-
525" form an 1n-series LC anti-resonant circuit that serves as
clectrical filter of the filter structure.

In one embodiment that may be illustrated through FI1G. 1,
the electrical bushing includes electrode surfaces that extend
in the form of cylinders about the longitudinal axis of the
bushing. The electrode surfaces are subdivided into a first and
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a second group, whereby the first group of electrode surtaces
1s connected to a first connection section, as indicated by
reference number 54a, and the second group of electrode
surfaces 1s connected to a second connection section, as 1ndi-
cated by reference sign 5345. The electrode surfaces therefore
extend concentric and at various radi1 about the longitudinal
axis and, further, are alternately connected to the two connec-
tion sections 34a and 54b.

Moreover, a bushing according to one embodiment can
contain the electrode surfaces 52a and 5256 as well as 52a' and
52b' as optional features. The bushing can include just the pair
of electrode surfaces 32a, b or just the pair of electrode
surfaces 52a’, b' or neither of said pairs of electrode surfaces.
The bushing can include only one inductor according to one
embodiment as well as further optional components. Further
optional components can be provided 1n the form of a fre-
quency-selective component and/or can be provided by
means of electrode surfaces of the conducting element. The
electrode surfaces 52a, b; 52a’, ' 1llustrated 1in FIG. 1 can be
oriented perpendicular to the longitudinal axis of the bushing
as 1llustrated or can be oriented at a different angle with
respect to the longitudinal axis, for example parallel to the
longitudinal axis. In one embodiment, the extension of the
connection sections 54a, b of the conducting element 1s
adapted to the extension of the electrode surfaces. For
example, the connection sections 54a, b of the conducting
clement extend perpendicular to the electrode surfaces to
which they are connected.

FIG. 2 1llustrates another embodiment of the electrical
bushing 110 according to one embodiment. A holding ele-
ment 120 can be arranged to surround the electrical bushing,
whereby the optional holding element 120 1s indicated
through dashed lines. The electrical bushing 110 includes a
conducting element 130 and a base body 140. The conducting
clement 130 1s arranged to be situated inside the base body. As
a matter of principle, the base body can abut directly on the
conducting element 1n order to thus form a sealing interface
and/or boundary surface. The electrical bushing of FIG. 2
turther includes a first connection section 152a and a second
connection section 1525 which each extend perpendicular to
the longitudinal axis of the bushing. The connection sections
152a, b are sections of the conducting element 130.

The electrical bushing 110 further includes frequency-se-
lective components 160, 163 in the form of SMD capacitors.
The components 160 and 163 each are provided as indepen-
dent bodies. The capacitors 160 and 163 border directly onthe
base body 140 and the conducting element 130, 1n particular
on the connection sections 152q and 1525. The capacitor 160
includes two connectors 161 and 162, whereas the capacitor
163 includes two connectors 164 and 165. The capacitors 160
and 163 are aligned along the longitudinal axis of the bushing
110 and shifted radially with respect to the longitudinal axis.
The connectors 161, 162, 164, and 165 each are provided
through electrically conductive surfaces. The connectors 161
and 164 are electrically connected to the connection section
1525, and the connectors 163 and 165 are connected to the
connection section 152a. For example, the connectors are
connected to contact surfaces that are provided by the corre-
sponding connection sections. Accordingly, the capacitors
160 and 162 are provided to be in-series 1n the electrically
conductive connection.

The electrical bushuing 110 1llustrated 1n FIG. 2 further
includes an inductor 158 which also extends between the
connection sections 152a and 1525. The inductor 1s formed
by a multitude of conducting sections of the conducting ele-
ment which extend meander-shaped and for example, 1n
accordance with the profile of a rectangular wave. The con-
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ducting sections are aligned to be alternately perpendicular
and parallel to the longitudinal axis of the electrical bushing
and abut on each other 1n 90° kinks at which the conducting
sections are connected 1n-series to each other. The conducting
sections extending parallel to the longitudinal axis, which are
part of the inductor, are equal 1n length; likewise, the con-
ducting sections extending perpendicular to the longitudinal
ax1is, which are part of the inductor, are equal 1n length. The
properties of the inductor 158 correspond to the properties of
the inductor 58 in FIG. 1, and vice versa.

The bushing 110 illustrated 1n FIG. 2 thus includes an LC
resonant circuit, whereby the inductor of the resonant circuit
1s provided by the inductor 158. The capacitor of the resonant
circuit 1s provided by the parallel connection of the capacitors
160 and 163. This results 1n a band-stop filter that blocks
frequency components near the resonance frequency of the
L.C resonant circuit. The blockade 1s attained through sub-
stantially increased attenuation of said frequency compo-
nents.

The bushing 10, 110 1s illustrated to have an upper side and
a lower side 1n FIG. 1 and FIG. 2, respectively. The upper side
corresponds to the upper edge, as illustrated, of the electrical
bushing 10, 110, and the lower side corresponds to the lower
edge, as 1llustrated, of the electrical bushing. Moreover, one
embodiment provides an 1nternal space of the housing of an
implantable medical device to be adjacent to the lower side.
Moreover, one embodiment provides the external space of the
implantable medical device to be adjacent to the upper side of
the electrical bushing.

In FIGS. 1 and 2, the conducting element 30, 130 1s 1llus-
trated to have two end faces each, whereby one end face
provides a contact surface on the lower side and one end face
provides a contact surface on the upper side. In FIGS. 1 and 2,
the end faces are illustrated to be flush with the upper side
and/or lower side. However, at least one of the end faces can
be oflset 1n longitudinal direction of the bushing with respect
to the upper side and/or lower side. The conducting element
can, for example, project from the upper side and/or from the
lower side such that the end face and/or the contact surface
provided by it 1s offset towards the outside. Just as well, the
conducting element can provide end faces that are offset
towards the inside with respect to the upper side and/or lower
side.

The components 160, 163 and the corresponding connec-
tion sections 152a, b and/or the contact surfaces provided by
them each are 1n one embodiment optional components of the
bushing. A bushing according to one embodiment can include
no component, one component or more components as 1den-
tified through reference numbers 160, 163 as well as the
corresponding connection sections identified by reference
numbers 152a, 5.

FIGS. 3(a)-(e) 1llustrate multiple variants of circuits that
can be provided by the filter structure of the bushing accord-
ing to one embodiment. The variants of circuits can represent
the entire filter structure or just a part thereof. For example,
several of the variants of circuits 1llustrated 1n FIGS. 3(a)-(e)
can be combined with each other 1n a bushing, in particular by
serial combination of feedthrough filter circuits and/or paral-
lel combination of dissipation filter circuits. The upper, hori-
zontal branch of the variants of circuits illustrated i FIGS.
3(a)-(e) corresponds to the section of the conducting element
that extends through the base body and/or the electrically
conductive connection. The connector illustrated as a circle
corresponds to a bonding to mass, for example to a connector
that 1s connected to the housing or to a holding element.

FIG. 3(a) illustrates an LC resonant circuit 310 that 1s
connected as dissipation filter to the electrically conductive
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connection between the mternal space and the external space.
It forms a barrier for portions with a frequency near the
resonance Irequency and dissipates said parts to mass. FIG.
3(b) 1llustrates a sernial filter inductor 320 in the electrically
conductive connection that blocks HF portions and allows
only low frequency portions to pass. FIG. 3(c¢) 1llustrates an
LC anti-resonant circuit 330 that 1s connected in-series to the
clectrically conductive connection between the internal space
and the external space. It forms a barrier for portions with a
frequency near the resonance frequency and blocks said por-
tions. The anti-resonant circuit 330 corresponds to the filter
circuit of FIGS. 1 and 2. FIG. 3(d) 1llustrates a continuity filter
340 1n a T-arrangement with two serial inductors and a par-
allel capacitor arranged 1n between. The parallel capacitor 1s
connected to a tapping between the two serial inductors and to
mass. This results 1n a second order low-pass filter. FIG. 3(e)
illustrates a continuity filter 350 1n a m-arrangement with two
parallel capacitors and a serial inductor arranged 1n between.
The serial inductor connects the capacitors, which are 1n a
parallel arrangement, to each other, whereby the parallel
capacitors each are connected between the electrically con-
ductive connection of the conducting element and mass. This
results 1 a second order low-pass filter. Alternatives to the
variants or circuits illustrated i FIGS. 3(d) and 3(e) use
parallel circuit including an inductor and a capacitor instead
of the inductor, and a serial circuit including an inductor and
a capacitor imstead of each the capacitors. This results 1n
higher order band-stop filters. In the variants of circuits of
FIGS. 3(a)-3(c), the at least one conducting element provides
at least one conducting section of the inductor of the filter
structure. In the variants of circuits of FIGS. 3(a)-3(c¢) and 1n
alternatives to the variants of circuits of FIGS. 3(d) and 3(e)
specified above, the at least one conducting element provides
at least one conducting section of at least one of the inductors
of the filter structure or of all inductors of the filter structure.
The filter structure 1n one embodiment provides a low-pass
filter or a band-stop filter providing strong attenuation of HF
frequencies that are used for excitation 1n medical magnetic
resonance 1maging procedures for whole body imaging. Said
HF frequencies are, for example, between 1 and 1000 MHz,
for example in the ultra-short wave range from 30 to 300 M Hz
and/or 1n one embodiment at approx. B*42 MHz/Tesla,
whereby B 1s the magnetic flux density of the static magnetic
field used for magnetic resonance 1imaging. The value of B 1s
assumed to be between 0.2 and 5 Tesla, 1n one embodiment
from 1-2 Tesla. Alternatively, the value of B can be assumed
to be 5-12 Tesla for modern and/or future MRI systems.
Although specific embodiments have been illustrated and
described herein, 1t will be appreciated by those of ordinary
skill 1n the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the scope
of the present invention. This application 1s intended to cover
any adaptations or variations of the specific embodiments
discussed herein. Therefore, it 1s intended that this invention
be limited only by the claims and the equivalents thereof.

What 1s claimed 1s:
1. An electrical bushing for use 1n a housing of an 1implant-
able medical device,

whereby the electrical bushing comprises at least one elec-
trically msulating base body and at least one electrical
conducting element;

whereby the at least one electrical conducting element 1s
set up to establish, through the base body, at least one
clectrically conductive connection between an internal
space of the housing and an external space;
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whereby the at least one electrical conducting element 1s
hermetically sealed with respect to the base body; and

whereby the at least one electrical conducting element
comprises at least one cermet to seal the at least one
clectrical conducting element directly to the base body
without the use of braze or solder;

characterized 1n that the electrical bushing comprises an

clectrical filter structure, whereby the at least one elec-
trical conducting element provides at least one conduct-
ing section of an inductor of the filter structure.

2. The electrical bushing according to claim 1, whereby the
at least one conducting section 1s provided to have a longitu-
dinal extension that deviates from a straight line.

3. The electrical bushing according to claim 1, whereby the
at least one conducting section provides at least one part of a
turn of the inductor and has an arc shape or at one kink.

4. The electrical bushing according to claim 3, whereby the
at least one conducting section extends in two or three differ-
ent directions 1n space, and follows, a repetitive triangular,
trapezoidal or rectangular profile or follows a helix.

5. The electrical bushing according to claim 1, whereby the
conducting section comprises multiple kinks with an angle,
whereby the angle between the kinks 1s equal and at least two
angles between kinks differ 1n sign.

6. The electrical bushing according to claim 1, whereby the
conducting element provides at least one electrode surface of
a capacitor or of an electromechanical resonator that 1s pro-
vided by the filter structure.

7. The electrical bushing according to claim 6, whereby at
least one section of the electrically msulating base body pro-
vides a dielectric layer of the capacitor or a piezoelectric body
ol the electromechanical resonator.

8. The electrical bushing according to claim 1, whereby the
filter structure comprises an additional frequency-selective
component and the conducting element provides at least one
contact surface to which the additional frequency-selective
component 1s connected, whereby the additional frequency-
selective component 1s provided as capacitor, as additional
inductor, as electromechanical resonator or as integrated filter
circuit.

9. The electrical bushing according to claim 8, whereby the
additional frequency-selective component comprises at least
one connector that 1s physically connected to the at least one
contact surface through a solder connection or through a
press-it.

10. The electrical bushing according to claim 1, whereby
the filter structure provides the inductor formed by the con-
ducting element as serial filter 1n the electrically conductive
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connection, or whereby the filter structure can further com-
prise at least one capacitor element in the form of a capacitor,
whose at least one electrode surface 1s provided by the con-
ducting element, or the filter structure can comprise a capaci-
tor 1n the form of an additional frequency-selective compo-
nent, and said capacitor element and the inductor provided by
the conducting element together form an anti-resonant circuit
that 1s arranged 1n-series 1n the electrically conductive con-
nection.

11. The electrical bushing according to claim 1, comprising
multiple conducting elements which each provide at least one
conducting section of the at least one inductor of the filter
structure.

12. The electrical bushing according to claim 1, whereby
the filter structure and/or the at least one conducting section of
the inductor provided by the conducting element 1s/are
arranged at the surface of a bushing that 1s provided to border
on the iternal space or on the external space, or whereby the
filter structure and/or the at least one conducting section of the
inductor provided by the conducting element 1s/are arranged
within the bushing.

13. An implantable medical device comprising;:

a housing; and

an electrical bushing used 1n the housing and comprising at

least one electrically msulating base body and at least
one ¢lectrical conducting element;

whereby the at least one electrical conducting element 1s

set up to establish, through the base body, at least one
clectrically conductive connection between an internal
space of the housing and an external space;
whereby the at least one electrical conducting element 1s
hermetically sealed with respect to the base body; and

whereby the at least one electrical conducting element
comprises at least one cermet to seal the at least one
clectrical conducting element directly to the base body;

characterized 1n that the electrical bushing comprises an
clectrical filter structure, whereby the at least one elec-
trical conducting element provides at least one conduct-
ing section of an inductor of the filter structure.

14. The implantable medical device according to claim 13,
whereby the implantable medical device comprises a cardiac
pacemaker or defibrillator.

15. Use of at least one cermet-containing conducting ele-
ment 1 an electrical bushing for an implantable medical
device for provision of at least one conducting section of an
inductor of an electrical filter structure of the bushing.
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